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Background: Tennis is believed to be potentially harmful for the shoulder, therefore the purpose of this study is to
evaluate the anatomy of the rotator cuff and the coraco-humeral ligament (CHL) in a-symptomatic non-elite junior
tennis players with high-resolution ultrasound (US).
Methods: From August 2009 to September 2010 n = 90 a-symptomatic non-elite junior tennis players (mean
age ± standard deviation: 15 ± 3) and a control group of age- and sex- matched subjects were included. Shoulder
assessment with a customized standardized protocol was performed. Body mass index, dominant arm, years of practice,
weekly hours of training, racket weight, grip (Eastern, Western and semi-Western), kind of strings were recorded.
Results: Abnormalities were found at ultrasound in 14/90 (15%) players. Two players had supraspinatus tendinosis, two
had subacromial impingement and ten had subacromial bursitis. CHL thickness resulted comparable in the dominant
and non-dominant arms (11.3 ± 4.4 mm vs. 13 ± 4.2, p > 0.05). Multivariate analysis demonstrated that no association
was present among CHL thickness and the variables evaluated. In the control group, abnormalities were found at
ultrasound in 6/60 (10%) subjects (sub-acromial bursitis). No statistically significant differences between players
and control group were found (p = 0.71).
Conclusion: In a-symptomatic non-elite junior tennis players only minor shoulder abnormalities were found.
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Tennis is practiced by a wide range of people throughout
the world and is the most popular of all racket sports. For
the last 10 years tennis practice has grown significantly
for recreational and competition purposes. Frequently
tennis practice begins in childhood and may continue
into late adulthood. In spite of the positive effects that
tennis practice has shown on physical and mental fitness,
some Authors believe that tennis may expose the shoulder
to different kind of injuries [1,2]. In non-elite players,
efforts spent to develop a more effective and aggressive
play using tactics and techniques similar or equal to the
elite players are not always supported by an adequate
physical training and technical development [1-3]. Shoulder* Correspondence: bignottibianca@gmail.com
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unless otherwise stated.injuries are believed extremely common among elite tennis
players and they are not only related to rotator cuff tendi-
nopathy, but also to the long head of the biceps and to the
reflection pulley [4-11]; however, the biceps tendinopathy
and shoulder dislocations are relatively rare in the young
tennis players. It is known that a-symptomatic tennis
players may have rotator cuff tendon lesions and reduced
sub-acromial space [6-10] and that asymptomatic shoulder
abnormalities may be found in the majority of the adults
[4]. The rotator cuff interval is the anatomical space where
the coracohumaral ligament keeps the long head of the
biceps in the appropriate position into the glenohumeral
joint. Moreover, when the coracohumeral ligament is
intact, the longhead of the biceps does not undergo
medial subluxation or dislocation out of the bicipital
groove [12]. In case of small anterior supraspinatus tears
or shoulder impingement, which may happen in tennis
players, the coracohumeral ligament may be thickenedral Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Figure 1 Example of coracohumeral thickness measurement.
Note the tendon of the long head of the biceps below the calipers.
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intact subscapularis and the ruptured lateral part of the
coracohumeral ligament can be demonstrated with US
[1-14]. For this reasons the integrity of the coracohumeral
ligament may be considered as a marker of the integrity of
the rotator interval as a whole and as a potential indicator
of the technical skills of a tennis players. Indeed, if the
technical movements are appropriate, no injuries are
expected to occur at the shoulder [15]. Non-elite junior
tennis players are supposed to have good technical skills,
however in technical learning process some adjustments
occur [16]. These adjustments may be responsible of
shoulder soft-tissues injuries [17]. To the best of our
knowledge, there have been no peer-reviewed ultrasound
studies on non-elite junior tennis players including the
entire anatomy of the shoulder. It is not known if
shoulder abnormalities including rotator cuff tendons and
coracohumeral ligament are detectable on high-resolution
ultrasound in a-symptomatic junior tennis players.
Therefore, the purpose of our study is to assess if shoul-
der anatomical abnormalities are present on a complete
shoulder ultrasound examination in a-symptomatic non-
elite junior tennis players.
Methods
The study was conducted in accord with the Helsinki
Declaration of 1975 and subsequent updates [5]. All en-
rolled participants provided written consent from a
parent or legal guardian. In addition, written consent was
obtained from patients or parent/guardian in regards to
publication of the patient images. Due to the nature of the
study no formal ethical approval was deemed necessary.
Tennis players were invited to take part in the study
during their practice sessions at their club. To be included
in the study, each athlete was required to be a member
of the Italian Tennis Federation. To be considered
“non-elite” the player had to be an Italian Ranking below
2.8 and not to be involved in National Representatives
[18]. The age had to be below 18 years.
For each athlete body mass index, dominant hand (the
side on which they held the racquet for the forehand),
the number of years playing tennis, the number of hours
training per week, and what type of backhand stroke
(with one or two hands), racket weight, grip (Eastern,
Western and semi-Western), and string stiffness were
registered.
From August 2009 to September 2010 both shoulder
of n = 90 a-symptomatic non-elite junior tennis players
(mean age ± standard deviation: 15 ± 3 years) were evalu-
ated bilaterally by mean of high-resolution ultrasound
using a 17–5 MHz broadband linear array transducer
(iU22, Philips Medical System, the Netherlands). Ultra-
sonographic evaluation included complete shoulder as-
sessment with a standardized protocol suggested by theEuropean Society of Musculoskeletal Radiology [9] and
coracohumaral thickness measurement (Figure 1) as
described in literature [19]. All players included in the
study had no history of trauma or treatment involving
either shoulder. No player had a history of systemic in-
flammatory disease.
A control group of 60 subjects was constituted by 33 boy
and 27 girls (mean age ± standard deviation: 15 ± 3 years).
All of them were not involved in overhead recreational
or sporting activities and had no history of trauma or
treatment involving the shoulder. None of the controls had
a history of systemic inflammatory disease. An accurate
physical examination was performed before high-resolution
ultrasound examination of the shoulder. US scans were
performed by two musculoskeletal sonographers (each
with more than 5 years of scanning experience): both
static images and cine clips were recorded. Recording
of static images and cine clips was previously used to
analyze US evaluations [20]. The sonographer who per-
formed the scan was blinded to the subject’s dominant
side. Both shoulders were scanned. This protocol includes
evaluation of the rotator cuff tendons, the tendon of
the long head of the biceps brachii muscle in the long
and short axes and of the subacromial-subdeltoid bursa,
acromioclavicular joint, and posterior recess. Dynamic
assessment for subacromial impingement and subluxation
and dislocation of the long head of the biceps brachii
was also performed. US static images and cine clips
were retrospectively reviewed by three musculoskeletal
radiologists (3, 4 and 2 years of experience respectively).
Only definitive sonographic abnormalities agreed on
by the three musculoskeletal radiologists in consensus
were included in the study. The ultrasound diagnoses of
pathologic findings were based on established criteria and
according to the technical guidelines of the European
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specificity and eliminate false-positive diagnoses, ques-
tionable findings were excluded from analysis as suggested
by other studies [4].
Concerning the grip we registered the four basic single-
handed grips used to hit the forehand: Continental, Eastern,
Semi-western and Full Western. For each grip, the player
places the base knuckle of the index finger and the heel pad
of the palm on the grip bevel of the racquet. Different grips
are defined on the base of the location of the base knuckle
of the index finger on the eight faces of the racket grip
(Figure 2). Grip types were defined according to the
International Tennis Federation definitions [1,21] and
checked for accuracy by two tennis instructor in con-
sensus who observed the players holding the racket at
rest and during the game.Continental grip
In the Continental grip the base knuckle is placed on
the face number 2 and the heel pad between 1 and 2.
This grip was once the universal grip used to hit almost
all strokes: forehands, backhands, special shots, volleys
and the serve. It originated on the soft, low bouncingFigure 2 On the left side are represented the 8 facets of the butt cap
heel pad) on the hand to identify the different grips. On the right side
the players is in the same position while the inclination of the racket chang
positioned in critical areas (base knuckle and heel pad).clay courts of Europe. Nowadays it is usually employed
only for serves and volleys.
Eastern grip
In the Eastern grip the base knuckle is on face 3 and the
heel pad between 2 and 3. This grip arose on the
medium-bouncing courts in the Eastern United States. It
represents the classic forehand grip. The eastern grip is
appropriate for different styles of play, comfortable for
beginners, and adaptable for all surfaces. The advantages
of the eastern grip are that it is easy for beginners to
learn, it is easy to generate power, it is ideal for waist
high balls, and you can hit a variety of topspin, under-
spin and flat drive. The disadvantage is that it is difficult
to powerfully hit very high balls.
Semi-western grip
The Semi-western forehand grip has the base knuckle
and the heel pad on the face 4. Strength and control to
the forehand are guaranteed by this grip, moreover be-
ginners feel comfortable since the palm of the hand
supports the racquet providing additional stability at
contact. Powerful topspin forehands are the strokes
facilitated by this grip. Advantage to this grip is thatand the reference points (base knuckle of the index finger and
the Eastern and Western Grips are illustrated: note that the hand of
es. Other grips are described in the text. The blue hexagons are
Figure 3 Subacromion subdeltoid bursitis in a 15-year-old tennis
player (arrow).
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back-spin is difficult and grip changes are necessary to hit
volleys and overheads.
Western grip
In the Western grip both base knuckle and heel pad are
located on face 5. This grip originated on the high-
bouncing cement courts of the Western United States.
The drawback of this grip is that it closes the racquet
face too soon before contact. This is an excellent grip
for high balls and topspin but is awkward for low balls
and under-spin. It is widely accepted in the popular
media that this grip is the most dangerous for the wrist
and that a strong wrist and perfect timing are essential
to avoid wrist injuries.
Statistical analysis
Statistical analysis included descriptive statistic and cora-
cohumeral thickness was assessed to compare left and
right side (dominant and non dominant arm). Fisher’s
test was used to compare the presence of lesions in the
players and in the control group. The presence of asso-
ciations between the qualitative variables was evaluated
using multivariate analysis. The significance level of 0.05
was adopted. The SPSS software package (release 13.0 for
Windows, SPSS) was used. A post hoc power analysis was
performed to be sure that the sample size was sufficient to
make a meaningful statement. An error level or confi-
dence level of 5% and a ß error level or statistical power
(1–ß) of 80% was used and considered acceptable for
medical purposes. A sample size of 40 enabled confidence
within the required confidence ranges.
Results
Players’ characteristics relative to sex, dominant arm, years
of practice, hours of training per week, grip, racket weight,
type of backhand and body mass index are reported in
Table 1.
Abnormalities were found at ultrasound in 14/90 (15%)
players. The majority of the lesions were located in the
dominant arm (n = 10), whereas only few of them were
in non-dominant arm (n = 4). No tendon tears were
detected. Two players had supraspinatus tendinosis.
Sub-acromial bursitis was present in 10 players (Figure 3).
Two players had subacromial impingement. No rotator-
cuff muscular atrophy was found. Coracohumaral
thickness resulted comparable in the dominant and









90 46/44 74/16 7 ± 4 3 ± 2
Data are expressed in mean ± standard deviation E, Eastern; SW, semi-Western; W, Wdominant arm versus 13 ± 4.2 in the non-dominant arm,
p > 0.05). Multivariate analysis demonstrated that no
association was present among coracohumaral thickness
or lesions detected at sonography and body mass index,
years of practice, weekly hours of training, racket weight,
strings and dominant arm. In the control group, abnor-
malities were found at ultrasound in 6/60 (10%) subjects
(sub-acromial bursitis). No statistically significant differ-
ences between players and control group were found
(two-tailed P value = 0.71). Coracohumeral thickness was
not statistically different in the two groups (p > 0.05).
Discussion and conclusions
The main result of this study shows that in a-symptomatic
non-elite junior tennis-players only minor shoulder abnor-
malities are detectable using high-resolution ultrasound.
These abnormalities are not different from those detected
in the age- and sex- matched control group. In a previous
study, using on high-resolution ultrasound, shoulder abnor-
malities were found in 96% of asymptomatic subjects [4].
However, in this study the age range was 40–70 years,
therefore it is possible that the alteration found were related
to normal ageing instead of the daily activity of the subjects.
In our study, the players were young and only 15% of
them reported a shoulder abnormality. Overall, shoulder
abnormalities detected were mild: no partial or full-
thickness tears were found. Sub-acromial bursitis was
the most frequent find, but no player had fluid in the
other recesses or bursae around the shoulder. The absence
of rotator cuff muscular atrophy is sufficient to exclude
any subclinical irritative or compressive neuropathy. In a
paper published on volleyball players it has been shownGrip
(E/W/SW)




18/36/36 280 ± 32 10/80 22 ± 3
estern.
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professional a-symptomatic players is 30% [8]. This data
related to volley was not confirmed in our series of young
tennis players. We acknowledge that it may be question-
able to compare volley to tennis, but both sports are
characterized by several overhead strokes that may
damage the shoulder. Moreover, the medical literature
lacks of similar studies on young non-elite tennis players
to be compared with our work. In our series, the majority
of the lesions were located in the dominant arm and few
of them were located in the non-dominant arm. This
observation, although based on few numbers, is not
surprising and it may confirm that, in this physical
activity, the dominant arm is more stressed than the
non-dominant arm. Concerning the grip adopted by the
players we did not registered any association between
lesions and grips. This observation differs from the fact
that, in nonprofessional tennis players, different grips
of the racket are related to the anatomical site of the
lesion at the wrist: Eastern grip with radial-side injuries
and Western or semi-Western with ulnar-side injuries
[1]. On the base of this consideration, we can make the
hypothesis that the way of hitting the ball with different
grips does not influence the biomechanical chain of the
stroke at the level of the shoulder. Body mass index
and strings stiffness were also considered because they
may influence negatively the incidence and pattern of
injury [1].
Our study has limitations: the first is the cross-
sectional and not prospective design. However, for the
purpose of the study, we believe that the design may be
considered almost sufficient. Moreover, we did not
evaluate an adult population of players, therefore it is
difficult to made comparisons with the existing literature
and with “veterans” players who received similar loads
on the shoulder for several years and hours. In conclu-
sion, the main finding of our study is that shoulder’s
soft-tissues of non-elite junior tennis players are similar
to age- and sex- matched controls.
Competing interest
The authors declare that they have no competing interests.
Authors’ contributions
AT, AC, BB and CM entirely contributed to this paper. All authors read and
approved the final manuscript.
Acknowledgments
The authors thank all the players who participated in the study and Coach
Leonardo Caperchi and Gerardo Castro. The authors declare no external
funding was received for this study.
Author details
1Institute of Anatomy, Department of Experimental Medicine, University of
Genoa, Via de Toni 14, 16132 Genoa, Italy. 2Radiology Department -DISSAL-
Università di Genova, Largo Rosanna Benzi 8, 16138 Genova, Italy.
Received: 28 October 2013 Accepted: 20 June 2014
Published: 18 July 2014References
1. Tagliafico AS, Ameri P, Michaud J, Derchi LE, Sormani MP, Martinoli C: Wrist
injuries in non-professional tennis players: relationships with different
grips. Am J Sports Med 2009, 37:760–767.
2. Bylak J, Hutchinson MR: Common sports injuries in young tennis players.
Sports Med 1998, 26:119–132.
3. Bianchi S, Martinoli C: Shoulder. In Ultrasound of the Musculoskeletal System.
Edited by Bianchi S, Martinoli C. Germany: Springer-Verlag; 2007.
4. Girish G, Lobo LG, Jacobson JA, Morag Y, Miller B, Jamada JA: Ultrasound of
the shoulder: asymptomatic findings in men. AJR Am J Roentgenol 2011,
197:W713–W719.
5. Harriss DJ, Atkinson G: Update – ethical Standards in Sport and Exercise
Science Research. Int J Sports Med 2011, 32:819–821.
6. Jacobson JA, Miller BS, Morag Y: Golf and racquet sports injuries.
Semin Musculoskelet Radiol 2005, 9:346–359.
7. Kibler WB, Safran MR: Tennis injuries. Med Sport Sci 2005, 48:120–137.
8. Lajtai G, Pfirrmann CW, Aitzetmüller G, Pirkl C, Gerber C, Jost B: The
shoulders of professional beach volleyball players: high prevalence of
infraspinatus muscle atrophy. Am J Sports Med 2009, 37:1375–1383.
9. Martinoli C: Musculoskeletal ultrasound: technical guidelines. Insights into
Imaging 2010, 1:99–141.
10. Silva RT, Hartmann LG, Laurino CF, Bilò JP: Clinical and ultrasonographic
correlation between scapular dyskinesia and subacromial space
measurement among junior elite tennis players. Br J Sports Med 2010,
44:407–410.
11. van der Hoeven H, Kibler WB: Shoulder injuries in tennis players. Br J Sports
Med 2006, 40:435–440.
12. Martinoli C, Bianchi S, Prato N, Pugliese F, Zamorani MP, Valle M, Derchi LE:
US of the shoulder: non-rotator cuff disorders. Radiographics 2003,
2003(23):381–401.
13. Papatheodorou A, Ellinas P, Takis F, Tsanis A, Maris I, Batakis N: US of the
shoulder: rotator cuff and non-rotator cuff disorders. Radiographics 2006,
26:e23.
14. Abrams GD, Renstrom PA, Safran MR: Epidemiology of musculoskeletal
injury in the tennis player. Br J Sports Med 2012, 46:492–498.
15. Kibler WB, Safran MR: Musculoskeletal injuries in the young tennis player.
Clin Sports Med 2000, 19:781–792.
16. http://www.imgacademy.com/sports/bollettieri-tennis. Accessed on 5
October 2012.
17. McConnell J, Donnelly C, Hamner S, Dunne J, Besier T: Passive and
dynamic shoulder rotation range in uninjured and previously injured
overhead throwing athletes and the effect of shoulder taping. PM R
2012, 4:111–116.
18. Italian Federation Tennis. http://www.federtennis.it. Accessed on 7 July 2009.
19. Sconfienza LM, Orlandi D, Fabbro E, Ferrero G, Martini C, Savarino E, Silvestri
E: Ultrasound assessment of the rotator cuff cable: comparison between
young and elderly asymptomatic volunteers and interobserver
reproducibility. Ultrasound Med Biol 2012, 38:35–41.
20. Tagliafico A, Pugliese F, Bianchi S, Bodner G, Padua L, Rubino M, Martinoli C:
High-resolution sonography of the palmar cutaneous branch of the
median nerve. AJR Am J Roentgenol 2008, 191:107–114.
21. Tennis coaching. Available at: www.itftennis.com: retrieved: Feb 25, 2014.
doi:10.1186/1471-2474-15-241
Cite this article as: Tagliafico et al.: High-resolution ultrasound of rotator
cuff and biceps reflection pulley in non-elite junior tennis players:
anatomical study. BMC Musculoskeletal Disorders 2014 15:241.
